Background: Age-related muscle loss (that is, sarcopenia) is a common health problem among older people. Physical exercise and dietary protein have been emphasized in prevention and treatment of sarcopenia. Rigorous trials investigating the effects of protein supplementation on physical performance in sarcopenic populations are still scarce. The aim of this study is to investigate the effects of protein supplementation along with simple home-based exercises on physical performance among home-dwelling sarcopenic older people.
Background
Age-related muscle loss (that is, sarcopenia, a syndrome characterized by progressive and generalized loss of skeletal muscle mass and strength [1, 2] ) is closely related to malnutrition, physical inactivity, inflammation, and cachexia (disease-related muscle loss) [3] , which all are hallmarks of frailty [4] . All these conditions are associated with a risk of adverse outcomes (for example, physical disability, poor quality of life, and increased risk of morbidity and mortality [1] [2] [3] [4] ). According to the European consensus, sarcopenia is defined as low fat-free mass related to squared height in combination with low muscle strength or slow gait speed [1] . However, there has been practical difficulties in assessing muscle mass and, thus, diagnosing sarcopenia [2] . Several methods are available for the measurement of fat-free mass. These methods include magnetic resonance imaging, computer tomography, dual x-ray absorptiometry (DEXA), and bioimpedance analysis (BIA). The validity of conventional BIA measurements has been questioned, but recent evidence on direct segmental multifrequency measurements (DSM-BIA) has shown good accuracy in comparison with DEXA [5] . The fully portable BIA devices also allow the assessment of disabled older persons during home visits. Furthermore, changes in segmental intracellular resistance measured by bioimpedance spectroscopy (BIS), an extension of DSM-BIA, has been shown to be associated with changes in mobility in typical nursing home residents prone to sarcopenia, frailty, and cachexia [6] .
Even though the mechanisms of sarcopenia are complex, adequate physical activity and nutrition are important for the maintenance of muscle functions in older people [1] . The broad health benefits of resistance exercise in older people are relatively well documented [7] . However, the lack of transportation services for the disabled patients to the exercise facilities and the lack of human resources often limit the large scale use of these regimens in clinical practice. Evidence from intervention studies shows that nutritional supplementation of older people at risk of malnutrition increases their body weight and seems to decrease the risk of death [8] . Furthermore, in addition to physical exercise, the role of dietary proteins and vitamin D has been emphasized in the prevention and treatment of sarcopenia and frailty [9] [10] [11] [12] [13] [14] . According to a 2013 systematic review, nutritional supplementation is effective in improving muscle mass and to some extent muscle strength as well in old age [15] . However, long-term evidence on the effects on physical performance from representative sarcopenic populations of older people is scarce [13, 14] .
The aim of this randomized controlled trial is to investigate whether and to what extent protein supplementation and simple home-based exercises are able to maintain physical performance in community dwelling older people with sarcopenia. In addition, we will examine the effects of the intervention on different aspects of muscle health, quality of life, use of health-care services and mortality.
Methods/Design

General design
This study is a randomized controlled trial in which the community dwelling older people with sarcopenia living in Porvoo, Finland, are randomly allocated into three arms: 1) no supplementation, 2) protein supplementation, and 3) isocaloric placebo. In addition, all the participants will receive instructions on simple home-based exercises, importance of dietary protein, and the use of vitamin D supplementation with the dose of 20 μg/d. The intervention will last for 12 months. The study has been approved by the Ethics Committee of the Helsinki University Central Hospital. Informed consent will be obtained from each patient or if necessary from their closest proxy before any study procedures, which will be performed according to good clinical practice [16] .
Participants
A postal questionnaire was sent in 2012 to all people aged 75 years and older living in Porvoo, Finland (N = 3,275). The persons at risk of sarcopenia (limitations in activities of daily living, low physical activity, falls, exhaustion, high age, or low body mass index (BMI)) will be contacted by telephone, and those interested in further examinations will be screened by hand grip strength [17] and habitual gait speed [18] . Persons with low hand grip or slow habitual gait speed and low skeletal muscle index (SMI) measured by segmental calf BIS [6, 19] will be recruited one by one, with researchers approaching them or their closest proxy.
Inclusion criteria and exclusion of participants: Those persons fulfilling inclusion criteria are invited to participate. All participants are asked for an informed consent before the start of any trial procedures. In case of the participants' cognitive decline (Mini Mental State Examination (MMSE) <19) [20] or poor capability of judgment, the proxy is invited to give consent in addition to receiving consent of the participant. The recruitment of patients will be completed during 2013.
Study procedures
The first baseline study visit (day clinic or home visit) includes the measurement of hand grip strength, habitual gait speed, and BMI. Patients with low hand grip or slow gait speed will be further evaluated for their nutritional status. These patients will be also further examined during second baseline study visit (day clinic or home visit) including cognition, segmental BIS, physical performance, muscle power, and muscle endurance. In addition, the questionnaire data will be confirmed and deep frozen (−20 Celsius) blood samples collected.
Two consecutive measures of handgrip strength (kg) at both hands are measured to the nearest 1.0 kg with subjects sitting in an upright position and the arm in a 90-degree angle (JAMAR dynamometer, Saehan Corp. Masan, Korea) [17] . The mean of the best result from both hands will be recorded. Habitual gait speed is measured over a 4-m course without a walking aid when possible and the best time of two attempts will be recorded to calculate the gait speed = distance (m)/time (s) [18] . SMI will be measured with a single channel, tetra polar BIS device (SFB7, ImpediMed Ltd., Eight Miles Plains, Queensland, Australia) that scans 256 frequencies between 4 kHz and 1000 kHz. Raw data are analyzed with the supporting software (version 5.3.1.1, SFB7, ImpediMed Ltd., Eight Miles Plains, Queensland, Australia) supplied by the manufacture to obtain values for the calculation of SMI (SMI = electro distance 2 /calf intracellular resistance [6, 19] ). In addition to the participants, SMI will be also measured in young healthy adults to provide the cut-points for low SMI values. Physical performance will be assessed by the short physical performance battery (SPPB) [21] , which consists of three components: balance, gait speed, and chair rise ability. Scores of 1 to 4 are based on categories of performance in the balance tests, on the time necessary to complete the walk, and on the time needed to perform the chair-rise test. A summary performance score of 0 to 12 will be calculated by summing the scores of the tests. These three components (balance, gait speed, and chair rise) will also used to calculate continuous summary physical performance scores (CSPPS = 0 to 100) [22, 23] Muscle power will be measured by the Takai et al. chair stand test [24] and muscle endurance by the two-minute step test [25] . Nutritional status will be assessed by the Mini Nutritional Assessment (MNA) [26] , the dietary quality questionnaire [27] and the three-day dietary record [28] . Cognition will be assessed by the Clinical Dementia Rating Scale (CDR) [28] , the Mini Mental State Examination (MMSE) [20] , verbal fluency [29, 30] , and the clock drawing test [31] . Health-related quality-of-life (HrQOL) will be assessed by SF-36 [32] and 15D [33] measures. Participants will be examined by the research group three times during the year: at baseline, and at 6, and 12 months. The flow chart of the study is presented in Figure 1 , and study assessment procedures are described in Table 1 . Hospitalizations, use of other health and social services and death dates will be retrieved from the central registers until two years from baseline measurements.
After receiving an informed consent the patients fulfilling the inclusion criteria are randomized by computergenerated random numbers (Microsoft Excel 2010, Redmond, WA, USA) into three arms: 1) no supplementation, 2) protein supplementation, and 3) isocaloric placebo. The three arms of the intervention include: 1) no supplementation, 2) protein supplementation, and 3) isocaloric placebo. In groups 2 and 3 the participants are instructed to take twice daily a 250 ml beverage as a snack between meals immediately after an exercise session, whereas in group 1 the participants are instructed to take regular protein rich foods in similar fashion. In the protein supplementation group the participants will receive a maximum of 40 grams (20 grams x 2) of extra milk derived proteins daily compared with 7.5 grams (3.75 grams x 2) in the isocaloric placebo group. After each exercise session and ingestion of supplement the participants will record the level of exercise and amount of ingested supplement in a dairy. The compliance to the home-based exercises, nutritional supplements and vitamin D supplement is assessed also by interviewing the patients during each study visit. The intervention will last for 12 months. The nutritional contents of the protein supplement and isocaloric placebo are shown in Table 2 . All supplements are manufactured and provided by Valio Ltd, Helsinki, Finland.
Outcome measurements
The examinations are performed at 0, 6 and 12 months. In addition to this, follow-up data are also collected from registries at 24 months.
Primary outcome measures are:
1. The 6-and 12-month changes in physical performance according to mean SPPB [21] and CSPPS [22, 23] scores 2. Changes in muscle functions according to hand grip strength [17] , gait speed [18] , balance [19] , chair stand test [24] , two-minute step test [25] Secondary outcome measures are:
1. Compliance to supplementation and home based exercises 2. Patient reported benefits and adverse effects 3. Changes in nutrition according to MNA [26] , diet quality questionnaire [27] , and dietary records [28] 4. Changes in body composition according to BMI and segmental BIS measurements [6, 19] 5. Changes in cognition according to MMSE [20] , verbal fluency [29, 30] and clock drawing test [31] , and CDR sum of boxes [35] 
Statistical analyses
Required sample size calculation (PS: Power and Sample Size Calculations version 3.0.43, Nashville, TN, USA) is based upon the change in SPPB. A change of 0.5 in SPPB score has been defined as minimally important and change of 1.0 as substantially important. With a standard deviation (SD) of 2.0 for SPPB, a type I error rate of 5%, a power of 80%, and a drop-out rate of 25%, we will need approximately 80 patients in each group to detect a substantial change in SPPB, when the effects of protein supplementation are compared against no additional supplementation or isocaloric placebo with a Student's t-test independently. Multiple comparison will be performed by Dunnett's test [36] . The final sample size may differ slightly from this figure, because we will recruit participants from the entire 75 years and older population living in Porvoo, Finland, and the aim is to include as many as possible from those answering the postal questionnaire.
The statistical analyses will be performed by PASW statistics 18.0.3 (SPSS Inc. Chicago, IL, USA). In the baseline findings, for the continuous variables, descriptive values will be expressed by means with SD and medians with range. For the variables with a normal (Gaussian) distribution, statistical comparisons between the groups will be made by using an analysis of variance test. If the variables have a non-normal distribution or ordinal level, statistical comparison between groups will be performed with an independent samples Kruskal-Wallis test. Measures with a discrete distribution will be expressed as percentages (%) and analyzed by X 2 or Fisher's exact test when appropriate.
The results will be analyzed according to intention to treat. For the most important outcome parameters estimation of confidence interval (95%) will be used in addition to testing.
Discussion
This rigorous randomized controlled trial will test whether and to what extent protein supplementation is able to maintain physical performance in community dwelling older people with sarcopenia. In addition to protein supplementation, the systematic use of simple and evidence-based methods to maintain muscle health in old age including home-based exercise, vitamin D supplementation and protein rich foods are promoted among all participants. The intervention is pragmatic in nature, and is performed in close collaboration with the municipal health care services. Thus, if the intervention proves to be effective, it can be implemented easily. The strength of this study is its pragmatic nature [37] . Thus, the findings should be applicable in real life. The target population is frail and vulnerable and, according to our previous studies, is at risk of adverse outcomes such as physical disability and poor quality of life and death. Thus, ceiling effect is not easily reached in the primary endpoint. Furthermore, the limited exclusion criteria and portable nature of all study procedures allow the inclusion those disabled older people that are otherwise often not included in clinical trials.
However, there are also potential limitations in this study. First, the population is old and frail with many comorbidities, and, thus, vulnerable to competing causes of complications and deaths. This may decrease the power of the study. The second challenge relates to a sufficient difference to be attained between the groups with our intervention because nutritional supplementation may diminish the intake of regular food. Furthermore, the long-term adherence of patients to single taste supplements and unsupervised home-based exercises is also a challenge to this study.
To our knowledge, this is the first large scale randomized controlled trial among community dwelling older people with sarcopenia that focuses on the effects of protein supplementation on physical performance and several aspects of muscle health, nutritional status, QoL, cognition and hospitalizations.
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